Eas’rern Reglonal Research Laborai‘ory

The differences in the steam-vola-
tile, neutral ‘substances of cigarette
tobacco types and grades have been
recently - described  (Burdick et al.,
1963). In a continuation of this

work, a survey of these substances in .

smoke condensates from blended and
unblended cigarettes prepared from
the above tobacco types has now been
completed. Although a large number
of publications exists on cigarette
smoke composition, a general survey

of this nature has not previously ap-

peared, as far as we are aware.

Method

“All- cigarettes Were manufactured

kon a commercial, productlon -line ma-
chine, were 85 mm in length, and
contained no filters or additives. Six
types of cigarettes were studied, four
unblended (straight flue-cured, bur-
ley, Maryland and Turkish) and two
blended. One blend (FBMT) consist-

ed of 40% flue-cured, 85% burley, .

5% Maryland, and 20% Turkish;
the other blend (FBM) was 60%
flue-cured, 85% burley, and 5%
Maryland. The = cigarettes were
smoked on an automatic, constant-
time smoking machine operating on
a principle generally similar to that
described by ~Mumpower ‘et al.
(1961). The automatic feature of the
machine permltted a maximum of
nine puffs pet cigarette in a given
cycle in which 15 cigarettes were
smoked. The puff volume, puff dura-

tion, and puff rate were 35 ml, two
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sec, and one puff per min, respec-’
tively. Smoke condensates were col-
lected ,in spiral glass traps (Sche-
partz, |1959) cooled in Dry Ice—ace-
tone. The moisture content of the
cxgarettes was 12.1—18.6% except

for the Maryland which was 14.1%.

One hundred five cigarettes of each
type: uvere smoked and the steam-
volatile neutrals obtained by the fol-
,lowmg method. =~

The traps were washed successive-
ly Wlt&l portions of redlstllled ether
(150 ml total) and 5% aqueous so-
dium- bydromde (25 ml total) until
the condensate was dissolved. The
ether ‘and alkaline washings were
placed in the same container and
sodium chloride was added until the
aqueorﬂs layer was saturated. The
layers were separated into an ether
layer (A) and an aqueous layer. The
aqueous layer was then extracted
twice w1th ether (30 ml total), which

resulted in a final aqueous extract -

A(B) and an ether extract. This ether
extract was pooled with A and the
’pooled extract was designated C.
Bases and acids were removed from
C by successive extraction with 12%

hydrochlorlc acid solution (5 times,
165 ml total) and 5% aqueous so-
dium hydrox1de solution (5 times,

-180 ml total), which resulted in an
ether 1solutlon of neutral substances
(D), an acid solution of bases (E),
and an alkaline solution of acids (F).

E'and F were each washed twice .
with 15 ml ether and all ether wash-
ings were ‘added to D. F was pooled
with B for future work on acidic
substances ‘D (neutral substances)

was: Washed with ‘5 ml. portions  of

chloride saturated water to .

sodlujn
remove traces of alkali, after which

D Wajs added to the pot of a steam}

V
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* For each cigarette type an -aliquo

‘of residue (usually -about

“ meter and ‘appropriate baselm

be obtained on injection

~sulting from smoking-

w19

collected 'in the cooled reCe;
the receiver was added: sufﬁm
dium chloride to saturate ‘the
ous layer ‘and the layers. i
rated into an ether solutio
and an aqueous dlstlllate T

total of 300 ml ether. The ]
pooled with G, and the
tion dried over sodium
dried ether solution was cont
to 0.5-0.6 ml (H) and thej
investigated by gas chromatog“x‘

concentrate (H), equlvalent to

was injected. The metho
vent removal, residue determi
and gas chromatograph1 sepa
were identical with those previousl
used (Burdick et .al.; 196 0

‘For quantitative comparison,
areas were obtained usmg

rections. For each peak an “Eq
lent Peak Area” (EPA)," s1m11ar
that previously described,’ was‘

55 AGC’
lated by EPA =

1n wh' 3

was the measured peak area (en
C was the volume (ul) of the
trate (H), V was the volume
the injected aliquot, and P
average length (%) of ¢
smoked for the: partlcular cig
type. Such- EPA values ‘represen
theoretical peak area which

tire quantlty of steam-vol
tral substances in the ¢

55
of 105 clgarettes of :



| smoke per g
f’smoked) for burley and Maryland
-'"reﬂect the differences in burn rate
‘and are lower ‘than those for flue-
‘cured or Turkish. The calculated S
‘values for the blends (375 and 386
fo EFBM and FBMT, respectively)
‘based on the known percentages of
‘the tobacco types in the blends cor-
relate well with the observed S
values (Table 1) indicating that the
5md1v1dual tobaccos therein may be

‘contributing to the overall burning

characteristics in an additive man-
ner rather than in a “synergistic”
or “antagonistic” fashion. :

~ Optimal gas chromatographic

—Avg. wt cigarette

cigarette -

. smoked (g) = 669 ;573"" . 2505 672,740 721 1
k Avg 7. ciga;:éti:é : S e : ' L :

~ smokedtk 49 a1 60 44 .63 61

No. puffs 8 sl st 9 & s

Avg butt. lengt:h (m) .45 33 35 s 30 3

Avg wt ci;srette (g)

ML miﬁstrean;-s-oke
per g cigarette .
smoked (S)¥ . 419 305 346 -469 378 .388

*Blends of flue-cured, Burle: 3 i '
Y, Ha land with
Method - for blend coq:osir.iona 2 = withom_: frkish,

See
*%* Bagsed on initial wei.ght:.of..cigaret:t:e- and weight of cigarette smoked,

%% See Results and .Discussion. ,
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: Chromafogram of steam- volahle neutral subsfances of smoke condensate from Turkish mgare'h‘es Twem‘y percenf Carbowax 20 M-
id-washed Chromosorb W' (60-80 mesh) 10 H‘ x.0.25.
oll wed / sofhermal operahon at 240° C. (B) L

: column, 75 ml hehum per mln, programmed 6 -C per min from 70° 'I’o 240" C

ST



S EG :
5 1.0 0. 78"
X3 1.0 e : 109 .
B N ) : 11,39 1047 .89
‘8 1.0 s ‘1,47 2,59 337
9 1,0+ o 48 C2,44 .188
10 1.0~ .1.17 1,79 . 1,29 - 1.27 T 1.47 337
12 1.0 0.54 . 0.58- 1,32 . 0.73  0.65 525,
13 1.0, . 0.55 . 0.52 0.78  0.54  0.63 307
16 1.0° . .0.,91 0.66 .0,84  .0.75  0.74 198
17 1.0 0,71 0.58 1,07 o.Ts 0.%68 1140
18 1.0 1,01 0,58 0,66 . 0.74  0.92 743
19 1.0 0.89 . 0,55 . .0,72 " .0.55 = 0.68 317
21 1.0 0,52 0,40 0.68 - "0.58  0.59 714
22 1.0 0,65 0.47 0.60 - 0,45 ~ 0.43 159
-2 1.0 0.56 © 0,38 0,52 052 0.51 - 1377
25 1.0 0,73 0.54. . .0.76 ' :0.65 0.55 388
26 1.0 0,58 0.53  0.76 0.46  /.0.42- 248
32 1.0 1,17 . .0.78 1.27. . 0,59 0.67 . 168°
35 1,0 0,23 0.24 0,30 - .0.14  0.14 832
37 1.0 0.68 .0.59 0.69 .0.69 ° 0.51 624
40 1,00 0,12 7 0,11 0.47 .O.L .0.20 813
41 1,0 0.25 0,26, 0,43 ~ 0.23  0.42 297
42 1.0 0,34 .7 0.24 . 0,62 0.38 0.26 -/763
43 1,0 0,29 . 0i39 0,58 0.41  0.42. -258
46. 1,00 0.54  0.78 0.6l o.z‘.q 0,53 624
47 1.0 0:38 . .0.26  .0.37 .0.26 .0.33 218
51 1.0 0:13 0,24 0,37 0,15 .0,22 159
52 1.0 0,45 . 0,30 0.3% 0,55 0.40 2487
557 1.0 . 0.29° 0.28- 0.35 0.29  0.26 307
-+ .56 1,0 0,62  0.30  0.54 o.?7 0,30 357
57 1.0 0.34 0:30 0.70 0.31 . 0.3 277
58 1.0 0.61  0.73 0.52 = 0,25 . .0.23 248
59 1,0, . 0,14 . 0.10 0.35  .0.15 ' 0,08 287
60 1.0 0.09 - 0.08 0.12 ..0.21" ' 0.20 644
.64 1.0 240 1,56 1,08 1.‘12 1,09 149
65 1.0 0,61 0.47.  .0.51 0.46 ' 0.43 .208
66 1.0 0.27 5 - 0,46 6 025 _ 248 .
Total EPA 17,3 9,810 8,580 12,000 . 9,370 _ 9,600 17, 300
area: (cm®) i r 1‘ S i
. *F = flue-cured, B = burley, M = Maryland, T = Turkish, FMB = blend without Turkish,
. FBMT = blend with Turkish, See text for percentage composition of blends and
" definition of EPA, . S, sl :

separation of the mneutral sub-
stances was obtained by ‘program-
ming a Carbowax® 20 M column.as
previously described. Figure 1 is a
chromatogram of the condensate of
the Turkish cigarettes. At least 66
‘peaks were. evident. Comparison of
this chromatogram was the previ-
ously published chromatogram of a:
‘gimilar fraction from Turkish to-
bacco leaves 'showed that, as ex-
pected, the smoke is more complex
‘and-has much more relatively vola-
“tile material which elutes at tem-
peratures below 175° C. The chro- .
‘matograms of the neutral sub-

A Use of a commercial product

Stitute ‘endorsement by the

‘‘Agpicultuye over - other. . produ
Yo pao Ay

“does: ‘ot con=" "
Department of -
“.of ~a similar

- rettes

“dispos

stances f,rom.', the other five, ciga-
were qualitatively similar to

the Turkish smoke but quantita-
tively different. Cochromatography
of the neutral substances from all
six cigarettes types in a single in-
jection showed that all peaks chro-

" matographed in an identical man-
‘ner. These results parallel in a gen-

eral way the previous findings on

" the - |steam-volatile 'mneutral sub-
-stances of cigarette tobaccos.

The quantitative evaluation of =
complex chromatograms requires

many arbitrary decisions on s;uc‘h.

pdint}s ~as background - corrections,

measurements of - inflections, and

quantitativ
her.eﬂn

necessity

_jor” one, and : ;
-cm2. was- “minor”;
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" for six peaks (6-10, 12)
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~of EPA values less th;
for peaks 6-10 and 64

‘determine whether eac
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the total EPA for the
parison of calculatec
EPA ratios for the m
the two blended cigarett

-made. For each ‘peak

~age (expressed as a decim:

“given tobacco in--th

.multiplied by the obs

“ratio for the  corresp

tion of very small peaks. The
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peaks (eg measurlng areas,
1nﬂect10ns

ree peaks, numbers 4, 20, and 49,
owed a majority of Values greater

-1 (contam more than flue-
ed 1garettes) among the six ciga-
tte types ‘The tendency toward the
s showing less EPA than would

constltuent tobaccos may be pres-

isal‘on this'point is difficult.
Limitations. Many . of the limita-
ons previously dlscussed in the re-
) n leaf apply to the present
However, fewer artifacts may
‘oduced by the steam . distilla-
of condensate by the above
d than was the case with leaf.
rehmmary separation of acidic
asic substarices from the con-
es before steam distillation of
leutral: - substances - eliminates
?‘base-catalyzed structural al-

~amounts of. heat-lablle cellular con-

smoke condensates eliminates a
cant source of artifacts. How-
‘ever. ,the complex1ty of smoke con-

nt of steam distillation make
e ellmlnatlon of artifact for-
n difficult with this procedure.
Si ice the overall variability- of the

“eale ated
erall burmng propr

ete. ) are

expected from an additive effect -

although even a superficial ap- |
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47 -67 -46
51 -77 -58
52 -29 -38
55 -59 -55
56 -56 -60
57 <58 -50
58 =71 -69
59 -77 -85
(] -67 =56
64 ! -26 -29
65 =45 -67
66 -49 -58

’ *Percentage difference a (100 x Ob"r":de“:a: EPA A) - 100. Calculated. ratios
obtained from known percentage composition of blends (see.

reported for flue-cured, burley,. Marylmd ‘and Turkish cigarettes in Table 2. ;
See footnote table 2. for ‘blend designa-

1Observed ratios are given in tabl
~ tions FEM and FRMT. :

and ratioa ;

ions and related changes on
ing. The absence of significant

ents, i.e. proteins, sugars, etc.,

nsat s and the relatively drastic

7 ast "to the “above: conclissions
and observed .S walues

“above method is not known, limits of -

statistical significance cannot be
established. (However, one potential

source of error, the variation of

replicate injections of a concentrate,
was investigated and found to be less
than *5% of the mean for duphcate

injections.) Although the above data
are presented quantltatlvely the find-.
‘ings have been evaluated in terms of
“trends ‘rather than precise quantita-

tive terms.

Identification. Peaks 35, 42 43, 47,

and 52 are similar to certain peaks

previously described in tobacco leaf

and tentatively 1dent1ﬁed as furfural,
furfuryl alcohol, - m-tolualdehyde,
benzyl acetate, and neophytadiene,
respectlvely On]y preliminary work
has been done on the identification

~of the remainder of the peaks. Un-
doubtedly, many of the peaks, and
especially those eluted" at low tem-'f.:

peratures : contaln more than one

-blended

- steam-volatile
eluting in the gas chromatographlc -
procedure, the decreasing order of .
total neutrals was flue-cured, Turk-

low boiling, neutral compounds oceur
in smoke, many of which are difficult.
to resolve from complex mlxtures

Summary :

A survey was made of the steam- -
volatile neutral substances in the
smoke from blended and: unb]ended
cigarettes using a subjective method »
of evaluation, the assumptions of
which are discussed in detail. In gen-

~eral, the gas chromatograms: of four

unblended (straight flue-cured, bur- .
ley, Maryland, and Turklsh) and two 5
(flue-cured, burley, and °
Maryland with or without Turkish)

cigarettes ‘were quahtatlvely similar::
and quantitatively dissimilar. Of the
neutral

ish, burley, and Maryland for the un
blended mgarettes ‘Data

he

-substances .
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. ‘*Based ‘on. range of ratio of' !PA- +6 EPA ntio, 52

- 14-1.50~175‘+3u=12 1,50; 42 .= 8.0 -1,
,-2-050 075‘\-3-02‘ 0.50; <4 = <0.25.
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